The retroviral Gag protein is capable of directing the production and release of virus-like particles in the absence of all other viral components. Budding normally occurs after Gag is transported to the plasma membrane by its membrane-targeting and -binding (M) domain. In the Rous sarcoma virus (RSV) Gag protein, the M domain is contained within the first 86 amino acids. When M is deleted, membrane association and budding fail to occur. Budding is restored when M is replaced with foreign membrane-binding sequences, such as that of the Src oncoprotein. Moreover, the RSV M domain is capable of targeting heterologous proteins to the plasma membrane. Although the solution structure of the RSV M domain has been determined, the mechanism by which M specifically targets Gag to the plasma membrane rather than to one or more of the large number of internal membrane surfaces (e.g., the Golgi apparatus, endoplasmic reticulum, and nuclear, mitochondrial, or lysosomal membranes) is unknown. To further investigate the requirements for targeting proteins to discrete cellular locations, we have replaced the M domain of RSV with the product of the unique long region 11 (U L 11) gene of herpes simplex virus type 1. This 96-amino-acid myristylated protein is thought to be involved in virion transport and envelopment at internal membrane sites. When the first 100 amino acids of RSV Gag (including the M domain) were replaced by the entire UL11 sequence, the chimeric protein localized at and budded into the Golgi apparatus rather than being targeted to the plasma membrane. Myristate was found to be required for this specific targeting, as were the first 49 amino acids of UL11, which contain an acidic cluster motif. In addition to shedding new light on UL11, these experiments demonstrate that RSV Gag can be directed to internal cellular membranes and suggest that regions outside of the M domain do not contain a dominant plasma membrane-targeting motif.
Although viruses use a variety of different replication strategies, one step common to all of these pathways is the accumulation of virion components at a specific location within the cell to form new infectious particles. To efficiently arrive at the designated site of assembly, viral proteins contain specific targeting signals. Retroviruses are useful for investigating these targeting signals because budding is directed by a single, wellstudied viral protein named Gag (Fig. 1) .
Gag proteins are synthesized on free ribosomes and subsequently transported and assembled into particles on the cytoplasmic face of the plasma membrane. Only three small modular regions of Gag (termed assembly domains) are required for particle formation (39) . The interaction (I) domain within the nucleocapsid (NC) region facilitates the formation of the Gag-Gag contacts necessary for the production of dense particles (3, 6, 43) . The membrane-targeting and -binding (M) domain is responsible for directing Gag from the cytoplasm to the plasma membrane (21, 40, 47) . Once at the plasma membrane, the late (L) domain coordinates the final release of the particle from the cell surface (14, 22, 45) . At this time, Gag is cleaved by the viral protease to generate the mature viral proteins (MA, p2, p10, CA, NC, PR; J. W. Wills and R. C. Craven, Editorial, AIDS 5:639-654, 1991) ( Fig. 1) .
Although Gag is normally directed to the plasma membrane, proteins from some other viruses concentrate at different membrane sites. For example, herpes simplex virus type 1 (HSV-1) expresses a 96-amino-acid protein from the U L 11 gene (18) (here referred to as the UL11 protein) ( Fig. 1 ) that appears to be targeted to perinuclear membranes (1) . Because Gag and UL11 localize to distinct cellular locations, it is likely that they use different targeting signals.
The targeting signals of Gag have been extensively studied. The retroviral M domain is contained within the matrix (MA) sequence at the amino terminus of Gag (Fig. 1) . Positively charged amino acids are important features of the Rous sarcoma virus (RSV) and human immunodeficiency virus (HIV) M domains (23, 50) , as is myristate for the M domains of HIV, murine leukemia virus, and Mason-Pfizer monkey virus (7, 15, 29, 30, 38) . M is required for plasma membrane localization, and disruption of its amino terminus abrogates budding and results in Gag remaining cytoplasmic (7, 38, 47) . In addition, M alone is sufficient to target heterologous cytoplasmic proteins to the plasma membrane (40, 50) .
Despite its importance for plasma membrane localization, it is not entirely clear that the M domain is the sole targeting determinant within Gag. For example, cleavage of Gag during retroviral particle maturation releases MA from the rest of the protein. Upon entry of the mature particle into a host cell, some of this free MA no longer associates with the plasma membrane, even though it contains the intact M domain (8, 16, 28) . Why is the M domain inactive in this context? It is possible that cleavage of MA from the remainder of Gag allows conformational rearrangements that disrupt the M domain and prevent plasma membrane binding (37, 50 ). An alternate explanation is that sequences in regions of Gag other than MA affect localization in some way, either by providing additional targeting information that is required for transport to the plasma membrane or by providing cooperativity to strengthen the avidity of the membrane-binding domain. After cleavage of MA, these secondary signals would no longer be available to promote plasma membrane association. To address this issue, we replaced the M domain of RSV with the UL11 protein from HSV-1. Our results show that UL11-Gag chimeras localized to internal membranes (like UL11 alone) rather than to the plasma membrane, suggesting that the C terminus of Gag does not contain dominant plasma membrane-targeting signals. These experiments also revealed some of the sequence elements required for UL11-directed membrane binding and provided reagents for further investigation of the role of UL11 in herpesvirus assembly.
MATERIALS AND METHODS
Previously constructed gag alleles. The RSV gag gene was obtained from pATV-8, an infectious molecular clone of the Prague C genome (34) . The HSV-1 U L 11 gene was amplified from the KOS strain (35) . The plasmid pSV.Myr1 used in these experiments has been described previously (46) . Standard protocols were used for all DNA manipulations (31) , and all plasmids were propagated in Escherichia coli DH-1 cells in 2ϫ YT medium containing 25 g of ampicillin per ml, with the exception of the green fluorescent protein (GFP) vectors, which were propagated in the presence of 50 g of kanamycin per ml.
Newly constructed gag alleles. Several Gag chimeras were made to replace the RSV M domain with various portions of the UL11 protein of HSV-1. For the herpesvirus-myristylated Gag (HMG) construct, the entire UL11 coding sequence was obtained by PCR amplification from the KOS genome with a forward primer that was complementary to the HSV sequence located 100 bases upstream of the initiator ATG and a reverse primer complementary to the sequence coding for the final five amino acids of UL11. The 5Ј ends of the primers also contained recognition sites for the SstI (forward) and SpeI (reverse) restriction endonucleases (underlined). After amplification with these primers (forward, 5Ј-ACCAGGCCGTTGAGCTCGCCCTGATCATTA-3Ј; reverse, 5Ј-CATTGTTTTGGTACTAGTTCGCTATCGGACAT-3Ј), the product was digested with SstI and SpeI and ligated to the large fragment generated by digesting pSV.⌬MA6S (21) with SstI and SpeI. The resulting plasmid was named pSV.HMG. The constructs in which N-terminal fragments of UL11 were fused to Gag were also made by PCR with the forward primer listed above in combination with reverse primers that contained an SpeI site (underlined) and that were complementary to internal UL11 sequences ( A mutant encoding a myristate-minus form of HMG was produced by combining the products of two PCR fragments before cloning with the SstI and SpeI sites. The "left" fragment was amplified by using the HMG forward primer and a reverse primer that was complementary to the region flanking the UL11 initiator ATG. This reverse primer (5Ј-GAGAGGCCCATATGTCGGCGAGC GT-3Ј) retains the ATG, but contains two changes that create an overlapping NdeI site (underlined). The PCR mixture for the "right" fragment used the original HMG reverse primer and a forward primer that contains two mismatches to create an NdeI site (underlined) at the same position mentioned above. This forward primer (5Ј-GCTCGCCGACATATGGCCCTCTCGTTCT-3Ј) also contains an additional mismatch (double underlined) that changes the second UL11 codon (glycine) to one for alanine. The two amplified products were digested with NdeI, ligated together, and reamplified with the forward primer used to make the left half and the reverse primer used to make the right half. This product was digested with SstI and SpeI and cloned into pSV.⌬MA6S to create pSV.HM(Ϫ)G.
pSV.Src.HMG was made by a similar strategy. For this construct, the left fragment was amplified with pSV.Myr1 as the template and upstream and downstream primers completely complementary to pSV.Myr1 sequences flanking the SstI (nucleotide [nt] 255) and MluI (nt 408) sites, respectively. The right fragment was amplified from pSV.HMG template DNA with a forward primer (5Ј-ACGCTCGCCACGCGTTGGGCCTCTCGTT-3Ј) containing an MluI site which overlaps a mismatch (double underlined) that changes the first base of the start codon from an A to a T. The left and right fragments were digested with MluI, ligated together, and reamplified as described above. The resulting fragment was digested with SstI and SpeI and ligated to the large fragment generated by digesting pSV.⌬MA6S with SstI and SpeI.
The protease (PR)-coding region was deleted from pSV.HMG by digesting pSV.Myr1.3h (42) with KpnI and SstII and ligating the large fragment to the small fragment produced by digesting pSV.HMG with KpnI and SstII. The resulting PR mutant was named pSV.HMG.3h. To create pSV.HMG.p6, the large fragment generated by digesting pSV.T10C.p6 (22) with SstI and BlpI was ligated to the small fragment generated by digesting pSV.HMG with the same enzymes.
GFP-containing constructs were made after cloning Gag-coding sequences into the Clontech pEGFP-N2 vector. To do this, oligonucleotide-directed M13 mutagenesis of the wild-type gag gene (46) was used to create an ApaI site (underlined) near the junction of the NC-and PR-coding sequences (5Ј-TCGGGGCCGTGGCCCGGGCCCGAGCCACCTGCCGTCTCG-3Ј). Gag sequences were removed from replicative form DNA by SstI-ApaI digestion and placed in frame into the Clontech vector to form pGag.GFP. To create pHMG.GFP, which encoded a GFP-tagged form of the UL11-Gag chimera, the small fragment from an SstI-EspI digest of pSV.HMG was purified and ligated to the large fragment from an SstI-EspI digest of pGag.GFP. pHM(Ϫ)G.GFP was generated by the same procedure, but the small fragment was obtained from pSV.HM(Ϫ)G. To create pUL11.GFP, the UL11 coding sequence was amplified with the same forward primer that was used to create HMG. The reverse primer (5Ј-TCAGGAATTCGCTATCGGA-3Ј) was complementary to the coding sequence of the C terminus of UL11 and had a noncomplementary region that contained an EcoRI site (underlined). This product was digested with SstI and EcoRI and ligated to the large fragment generated by digestion of pEGFP-N2 with the same enzymes.
To enable transient and stable expression in QT6 avian cells, UL11-coding sequences were transferred into an RSV proviral vector that contains the hygromycin resistance gene. pRC.HMG was constructed by ligating the large fragment generated by digesting the BHRCAN vector (12) with SstI and HpaI to the small fragment generated by digesting pSV.HMG with BssHII, treating it, with Klenow fragment, and digesting it with SstI.
Transfection and labeling of cells and immunoprecipitation of Gag proteins. COS-1 cells were transfected by the DEAE-dextran-chloroquine method, as previously described (46) . Approximately 48 h after transfection, the cells were labeled for either 5 min or 2.5 h with 50 Ci (Ͼ1,000 Ci/mmol) of L-[
35 S]methionine. The cells and growth medium from each labeled culture were separated and mixed with lysis buffer containing protease inhibitors (46) . The Gag proteins were immunoprecipitated with polyclonal rabbit serum against whole RSV (re- acts with MA, CA, NC, and PR [42] ). The immunoprecipitated proteins were resolved by electrophoresis in sodium dodecyl sulfate-12% polyacrylamide gels and detected by fluorograpy (46) . QT6 cells were transfected by the calcium phosphate transfection method as previously described (12) .
Budding efficiency was determined by first calculating, for each construct, the ratio of protein released into the medium during a 2.5-h labeling to the amount made in the lysates during a 5-min pulse. The ratio of each mutant was divided by the ratio of the wild type to yield its relative budding efficiency.
Immunofluorescence and confocal and electron microscopy. Cells were transfected as described above for all microscopic analyses. For immunofluorescence, cells were fixed with 5% acetic acid-95% ethanol at Ϫ20°C (48), blocked with 0.1% rabbit serum albumin in phosphate-buffered saline, and incubated with rabbit anti-RSV polyclonal primary antibodies (42) and goat anti-rabbit secondary antibodies conjugated to either fluorescein isothiocyanate (FITC) or tetramethyl rhodamine isothiocyanate (TRITC) (Sigma). The procedure for doublelabel immunofluorescence was the same as that described above, except that the primary antibody was a mixture of the anti-RSV polyclonal antibody and a mouse anti-Golgi 58-kDa protein (Sigma) and the secondary antibody was a mixture of goat anti-rabbit immunoglobulin G conjugated to TRITC and goat anti-mouse immunoglobulin G conjugated to FITC (Sigma). Cells were visualized by light microscopy and a filter set appropriate for the fluorescent label, and images were captured on Kodak T400 black and white photographic film. Confocal microscopy was done with a Zeiss LSM microscope, and the captured images were colored and digitally combined in Adobe Photoshop. For electron microscopy, transfected cells were grown in Permanox plates, fixed with glutaraldehydeparaformaldehyde, postfixed in osmium-potassium ferrocyanide, dehydrated through increasing concentrations of ethanol, and embedded in Epon 812 (11) . Thin sections were stained with uranyl acetate-lead citrate and viewed on a Phillips 400 electron microscope.
RESULTS
To investigate the role of sequences other than the M domain in plasma membrane targeting, we replaced the first 100 amino acids of RSV Gag with a heterologous membrane-binding sequence. Because its size approximates that of the M domain (96 versus 86 amino acids, respectively) and it is localized to internal membranes, the myristylated herpesvirus protein UL11 was used (Fig. 1) . If the M domain is the only source of targeting information within wild-type Gag, then the localization of the UL11-Gag chimera (HMG; Fig. 1 ) should be similar to that of UL11 alone (i.e., at internal membranes). If Gag sequences outside the M domain promote plasma membrane targeting, then the localization of HMG might be similar to that of full-length Gag or at least different from that of UL11.
The UL11-RSV Gag chimera HMG is budding deficient. Since Gag can mediate budding when it is localized to the plasma membrane by a heterologous signal (47), particle release was initially monitored as a marker for plasma membrane targeting. When two clones of HMG were expressed in COS-1 cells (Fig. 2) , a precursor protein of the expected size (ϳ76 kDa) was observed in the cell lysates along with the CA and PR Gag cleavage products (4, 11, 46) . Although the efficient proteolytic processing of the Gag precursor seen here is indicative of membrane binding (46, 47) , it was also noted that the CA in the HMG lanes was not further processed to form the characteristic triplet of bands. This phenotype has previously been associated with RSV Gag mutants that do not bud (47), so it was not surprising that no Gag products (and hence no viruslike particles) from either of the two HMG clones were visible in the extracellular medium (Fig. 2, compare lanes 1 and 2 with  lane 3) . It is important to note that the lack of budding is not caused by the lack of CA processing, since PR-deficient mutants as well as Gag proteins engineered to produce only the lower CA species bud efficiently (46, 49) .
Since these findings suggest that HMG is membrane bound, the lack of budding is consistent with HMG being localized to a membrane other than the plasma membrane. However, the lack of budding is a negative result, and there are ways that particle release could be inhibited even if HMG was located at the plasma membrane. For example, if the viral PR is more active than usual in the context of HMG, then the UL11-Gag molecules would be cleaved before they are able to complete the budding process (9) . This would cause the nascent buds to collapse back into the cytoplasm and result in the observed lack-of-budding phenotype. Since PR is not required for budding, 90% of it was deleted to form HMG.3h (Fig. 1) . This chimera was neither cleaved nor released into the medium (Fig. 3, lanes 6 ), indicating that HMG is not budding deficient because of enhanced PR activity.
Another way that HMG might be blocked for budding even if it had been directed to the plasma membrane is by interference with the nearby L domain (Fig. 1) , which is required for the virus-cell separation step (45) . L domain mutants are targeted to the plasma membrane and, like HMG, undergo proteolytic processing, but do not bud. Previous experiments have shown that budding can be restored to RSV L domain mutants by the addition of the HIV p6 sequence, which also contains an L domain (22) , and with this in mind, HMG.p6 was constructed ( Fig. 1) . Although it was expressed well (Fig. 3, lane 4,  lysates) , none of the protein was released into the medium. Thus, it appears unlikely that an L domain defect caused the retention of HMG inside the cell.
A third possibility to explain the failure of HMG to be released after being targeted to the plasma membrane is that the UL11 sequences are bulky and inhibit the budding process. To test this idea, the strong plasma membrane-binding domain of the Src oncoprotein was attached to the amino terminus of HMG to create Src.HMG (Fig. 1) . If HMG is already at the plasma membrane and is prevented from budding by the UL11 sequences, then this modification should have no effect. However, if HMG is directed to an internal membrane, then release into the culture medium might be restored. We found that Src.HMG was released into the medium (Fig. 3, lanes 7 ; 40% efficiency relative to the wild type), indicating that the UL11 sequences are not incompatible with budding and further supporting the idea that the L domain within HMG is intact.
An additional possibility to explain the failure of HMG to be released is that it is not bound to any membrane at all. If HMG is partitioned into the cytoplasm, then it might be packaged into particles when coexpressed with wild-type Gag molecules. However, unlike membrane-binding mutants of RSV (5, 47), HMG was not detectably rescued (data not shown). Although this is a negative result, it is consistent with a rapid transport of HMG to an internal-membrane location.
HMG is targeted to the Golgi apparatus. In an attempt to gather direct evidence that HMG is localized to a membrane other than the plasma membrane, immunofluorescence analysis was performed. Expression of full-length RSV Gag in COS cells, followed by fixation and staining, revealed a diffuse fluorescence throughout the cell (Fig. 4A) . In contrast, similar analyses with HMG showed a distinct staining pattern in a tight juxtanuclear location (Fig. 4B) . To identify the cellular compartment containing HMG, double-label immunofluorescence and confocal microscopy were used. A 1-m optical slice of a single transfected cell labeled with antibodies against RSV (Fig. 4D) and against the Golgi 58-kDa protein (58K) (Fig. 4E) shows colocalization of HMG and the Golgi apparatus-specific marker (Fig. 4F) .
Although it is clear that HMG is localized to the Golgi apparatus within fixed cells, it was possible that the chemical permeabilization and fixation processes might have altered the normal cellular distribution of HMG (20) . To completely rule out this possibility, GFP was fused to the C terminus of HMG, and the localization of the resulting chimera (HMG.GFP; Fig.  1 ) was visualized in living cells. HMG.GFP appeared to be exclusively perinuclear (Fig. 4G) , indicating that the Golgi apparatus targeting observed by immunofluorescence was not a fixation artifact. To assess whether the Gag sequences of HMG contribute to the Golgi apparatus targeting, UL11 was fused directly to either GFP (UL11.GFP; Fig. 1 ) or the nine-aminoacid hemagglutinin (HA) tag. The localization of UL11.GFP (Fig. 4H) and UL11.HA (data not shown) was identical to that of HMG.GFP, suggesting that UL11 alone is able to travel to and bind Golgi membranes.
To determine whether HMG merely binds to the cytoplasmic face of the Golgi membranes or whether interactions among the Gag portion of the chimera also mediate budding into the Golgi cisternae, electron microscopy was employed to achieve increased resolution. In contrast to untransfected COS-1 cells (not shown), normal Golgi stacks were not observed (Fig. 4I and J) . Instead, thickened, electron-dense membranes similar in appearance to budding retroviruses were observed in the same perinuclear location that was fluorescently labeled, but they were not seen at the plasma membrane. Due to the substantial disruption of the Golgi compartment, it is not clear whether virus-like particles are released into the cisternae. However, because membrane distortion is required during Gag-mediated budding and because HMG is capable of directing budding when targeted to the plasma membrane with the Src membrane-binding domain, this result is consistent with internal budding.
Requirements for Golgi targeting by UL11. Many (but not all) myristylated proteins require the addition of myristate for proper targeting and/or membrane binding. To determine whether this requirement exists for HMG, we constructed a myristate-negative form of HMG (Fig. 1) . Although HM(Ϫ)G was expressed well, it was not released into the medium (Fig.  3, lanes 5) , and immunofluorescence analysis showed diffuse cytoplasmic staining (Fig. 4C) . The lack of perinuclear staining indicates that myristylation is required for Golgi localization.
To determine which amino acids are required for Golgi localization, three C-terminal deletions of the UL11 portion of HMG were made (Fig. 1) . Metabolic labeling of the deletion mutants showed protein production and processing, but little (HMG.23; Fig. 5A , lane 4; 7% relative to RSV Gag) or no (HMG.70 and HMG.49; Fig. 5A, lanes 2 and 3, respectively) release into the medium. By immunofluorescence, HMG.70 and HMG.49 show strong Golgi staining, while HMG.23 shows cytoplasmic staining in addition to weak Golgi staining (Fig. 5B) . The significant intracellular cleavage of HMG.23, as well as the increased amount of budding by this protein (Fig.  5A, lanes 4) , indicates that it is directed to the plasma membrane to some extent. Thus, the Golgi apparatus-specific targeting signal is contained entirely within the first 49 but not the first 23 amino acids of UL11. Taken together, these data suggest that the first 23 residues of UL11 contain a nonspecific membrane-binding function that is affected by the information contained within residues 24 to 49.
The efficiency of Golgi targeting was found to be cell type dependent. In contrast to the lack of budding from COS-1 cells (Fig. 2 and 3) , HMG is able to escape from QT6 avian cells with 40% the efficiency of RSV Gag (Fig. 6A, lanes 1 and 2  versus lanes 3) , suggesting some degree of plasma membrane targeting. This differential targeting is not due to the Gag portion of the chimera, since the localization of UL11.GFP (which contains no Gag sequences) is exclusively perinuclear in mammalian cells (COS-1; Fig. 4 and 6B ; BHK, Vero, and human melanoma cells [data not shown]), but shows both perinuclear and plasma membrane staining in QT6 cells (Fig.  6B) . These data raise the possibility that membrane localization is influenced by cellular factors that are divergent between mammalian and avian cells and that these factors may play a role in herpesvirus infections. 
DISCUSSION
Role of RSV Gag C terminus in plasma membrane localization. By redirecting a UL11-RSV Gag chimera to the Golgi apparatus, our current experiments have provided evidence that the C terminus of Gag does not contain dominant plasma membrane targeting sequences. However, the efficiency of membrane localization of both HIV and RSV Gag is affected by sequences downstream of the amino-terminal M domain (27, 47) . These downstream sequences may influence membrane localization by enhancing the ability of Gag to remain bound at its destination after arrival. One way to increase the avidity of the M domain-membrane interaction is by linking large numbers of Gag proteins together. Since the I domains are found within NC and are involved in Gag multimerization (39) , they are likely mediators of the C-terminal sequence contribution to Gag localization (32) .
Another way in which the Gag C terminus may increase the efficiency of membrane localization is by facilitating the trans- FIG. 4 . Microscopic analyses of HMG-expressing cells. COS-1 cells were transfected with the indicated constructs. Cells in panels A to F were analyzed by immunofluorescence. In panels A to C, antibodies specific for RSV Gag were used. Cells in panels D to F were double labeled with a mixture of rabbit antibodies against Gag and mouse antibodies against the Golgi 58K protein, which were detected by using a mixture of goat anti-rabbit antibodies conjugated to TRITC and goat anti-mouse antibodies conjugated to FITC. Panels D and E are the same field viewed by confocal microscopy with the appropriate wavelength to excite TRITC (D) or FITC (E) and were digitally combined to provide the image in panel F. Cells transfected with GFP constructs in panels G and H were viewed by light microscopy without fixing or staining. Cells in panels I and J were analyzed by standard electron microscopy. port of Gag from the cytoplasm to the destination specified by the M domain. Trafficking of both cellular (10) and viral (13, 36) components can be accomplished by interaction with the microtubule and microfilament elements of the cytoskeletal transport network. Therefore, the colocalization of Gag with actin in infected cells (24, 25) and the binding of NC within the virion to actin (17, 44) suggest that an interaction of the C terminus of Gag with the cytoskeleton may also play a role in Gag transport.
Mechanism of UL11 Golgi apparatus targeting. Although it is less than 100 amino acids long, UL11 must contain signals to direct it to and retain it specifically at the Golgi apparatus. Evidence presented here indicates that these targeting sequences are contained within the myristylated amino-terminal 49 residues. What information is contained in the first 49 residues? When we aligned the UL11 sequences of several herpesviruses, a striking acidic cluster (33) was revealed (Fig.  7 , residues 37 to 43). Since certain acidic clusters are known to direct proteins to the trans-Golgi network (TGN) via an association with the PACS-1 protein (41), it is possible that UL11 is targeted to the Golgi apparatus in a similar manner. Indeed, the peripheral membrane protein Nef from HIV-1 has recently been shown to recycle from the plasma membrane to the TGN via a PACS-1-dependent mechanism (26) .
The role of myristylation in UL11 localization is also unclear. The loss of Golgi apparatus targeting of HM(Ϫ)G is presumably due to the loss of membrane binding, rather than a loss of targeting, since nonspecific binding (as was seen for HMG.23) was not observed. However, we cannot rule out the possibility that myristate is required for UL11 to associate with a PACS-1-like protein and therefore is needed for Golgi targeting as well as membrane binding.
Role of UL11 in herpesvirus replication. UL11 is targeted to internal cellular membranes (1) that are identified here as those of the Golgi apparatus. We have also shown that this specific localization is independent of all other viral proteins. However, the role of UL11 at these membranes during HSV infection remains unclear. UL11 is required for efficient envel- Fig. 3. (B) COS-1 cells were transfected, fixed, and stained with RSV Gag-specific antibodies and visualized by confocal microscopy. opment and particle release (2, 19) , but it is not known whether UL11 itself is the primary mediator of the budding event. Our microscopy data indicated severe involution of the internal membranes. We attributed these effects to the Gag portion of the HMG.GFP protein, but we cannot discount the possibility of a contribution from UL11.
Another possibility is that UL11 does not drive envelopment but instead recruits other viral proteins to the site of assembly. As a membrane-bound virion protein, UL11 would be ideal as a "bridge" linking the viral envelope to other components of the tegument. These additional tegument proteins, alone or in combination, could provide the budding machinery. The amino-terminal halves of UL11 homologs from several herpesviruses, which include the targeting information, have significant sequence similarity (Fig. 7) . This is expected for domains that must interface with conserved cellular structures, such as those of a trafficking pathway. The C termini of the homologs are more divergent, presumably to accommodate binding to other viral proteins not conserved between herpesviruses. Experiments to test these models are currently under way.
The assembly pathways of retroviruses and herpesviruses are very different, but they do share the common requirement of targeting the virion proteins to the correct site of assembly. We have now demonstrated that RSV Gag sequences downstream of the M domain do not contain dominant plasma membranespecific localization signals. We have also identified and partially characterized the membrane-binding and -targeting motif of the HSV-1 UL11 protein. Although further experiments will be needed to dissect the functional components of the first half of UL11, the information provided here will be useful in designing these and other investigations into the mechanisms of protein targeting and herpesvirus assembly.
